Objective. Data from death certificates are often used in research; however, little has been published on the processing of vague or incomplete information reported on certificates. The goal of this study was to examine the querying efforts in the United States used to clarify such records.
Researchers commonly rely on death certificates as a resource for information on the health status of populations. [1] [2] [3] Death certificates contain information reported by two different types of respondents: (1) funeral directors who provide demographic and legal information (e.g., age and legal name), usually with the assistance of a family member of the deceased, and (2) medical certifiers (i.e., physicians, medical examiners, or coroners) who report the cause and medical circumstances of death. When information reported on the death certificate is vague or incomplete, querying, or contacting the individual who reported the information to ask for clarification, is one method to correct reporting problems. [4] [5] [6] [7] [8] [9] [10] [11] Although query programs involve only a fraction of records, information obtained through this process can have a substantial effect on mortality statistics, including cause-of-death statistics. [4] [5] [6] [7] For many queried records, querying the cause-of-death results in reassigning the underlying cause (i.e., the condition that triggers the sequence of medical events resulting in death). For other records, querying yields additional information without a change in the underlying cause. [4] [5] [6] [7] [8] This article examines current querying efforts in the United States, with emphasis on queries about cause of death.
Querying efforts are divided into demographic and causeof-death components. In a typical demographic query, a statistician mails a letter to the funeral director who originally provided information on the death certificate. Similarly, in a typical cause-of-death query, a medical classification specialist, known as a nosologist, sends a letter to the medical certifier who originally provided the information in the medical section of the death certificate. These letters include a copy of the information reported on the death certificate, a request for clarification, general instructions about what should be reported in the cause-of-death section of the death certificate, and instructions on how to respond to the query. 5, 12, 13 The mortality statistics system is decentralized in the United States; querying is a responsibility of the 52 registration areas (50 states, New York City, and the District of Columbia). 14 requesting that they answer 13 questions about their query programs by October 25, 2002. The e-mail specified that this information was being requested for a conference presentation. NCHS staff members followed-up with the VSCP Directors who had not responded by October 25, 2002, first by e-mail and then by telephone.
The questions addressed whether registration areas queried demographic or cause-of-death items, what percent of death records were queried, whether additional quality control programs were in place, whether medical certifiers voluntarily provided supplementary cause-of-death information, the time interval between death and querying, the mode of querying used, who conducted queries, what types of responses were received, what situations were most commonly queried, and whether responses were incorporated into the legal certificate. A survey of VSCP Directors in the late 1980s had used many of the same questions. 4 From September 25, 2002, through January 24, 2003, all 52 registration areas responded. While all areas responded to the request for information, eight areas did not respond to single questions, and three areas did not respond to multiple questions. The questions on cause-of-death query program details were not applicable for the four areas that did not query cause of death.
The initial analysis counted the number of registration areas that conducted queries, what kind of queries they conducted, why they queried, and how they queried. Upper and lower quartiles and the median were calculated for the registration areas responding to specific items for the percent of death records that were queried about demographic issues, the percent of death records that were queried about cause-of-death issues, and the number of days between death and cause-of-death querying. The five problems or situations listed as reasons for querying by the largest number of areas were determined based on counts.
Given that the number of deaths per registration area varies widely, a second analysis was done to describe the scale of querying across the registration areas responding to specific items. The areas' responses were weighted by the proportion of deaths accounted for by the area. This was done by multiplying the percent of all death records that area reported querying about demographic issues by the number of deaths for that area in 2000. These values were aggregated across all areas that reported a percent, including 0%, and divided by the total number of deaths in the areas. This procedure was replicated for percent querying cause-of-death issues, percent of queries that were returned, percent of queries that changed the underlying cause, percent of queries that added information but did not affect the underlying cause, and percent of queries that did not alter records. This was not done for the number of days between death and cause-of-death querying because of outlier registration areas. For time, a median was calculated by multiplying the number of records in the areas that did respond to the time question by the responses for the time between querying and death and determining the number of days when half of the queries were before and half after the value. The percent of total records that would change as a result of querying was estimated by multiplying the percent of records queried by the percent of queries that changed the underlying cause by the total number of deaths in the United States and then dividing this by the total number of deaths.
We present additional data for an individual registration area, Washington State, to examine the impact of querying on selected causes of death. Washington State, unlike the national mortality statistics system and many registration The median time between death and querying for the 43 registration areas that gave time estimates was 35 days, with medians for areas in the lowest quartile being 15 days or less and medians for areas in the highest quartile being 60 days or more. The median return rate was 95%, with lowest quartile areas reporting that they received 87% or fewer replies and highest quartile areas reporting that they received responses for at least 99% of queries.
Cause-of-death querying on a record basis
Nearly 6% of death records were queried about demographic issues, and approximately 4% were queried for cause-ofdeath issues. For the 43 registration areas that queried cause of death and provided a time estimate, the median time between querying and death was 45 days.
Certifiers did not respond to approximately 13% of causeof-death queries, whereas 87% of cause-of-death queries were returned. Responses from queries (1) changed the underlying cause for about 68% of the queried records, (2) provided additional information for another 12% of records without changing the underlying cause, and (3) did not alter the remaining records (20%). Examples of additional information that might not change the underlying cause are a certifier's explanation of an abbreviation for a complication of the underlying disease or a certifier's report of additional contributing conditions. Given that only 4% of records were queried (taking into account the four areas that queried no records for cause of death), queries would change the underlying cause of death for fewer than 3% of the 2.4 million annual death records in the United States. 18
Effect of querying on selected causes of death
The Table shows the effect of querying on Washington State mortality statistics for the 10 leading causes of death. Ageadjusted death rates for the five leading causes are not statistically different before and after querying (see Table) ; however, the percent change in rates does vary for specific subcategories of these leading causes. While the overall impact on heart disease is trivial, the rates for subcategories such as congestive heart failure (44% decrease) and unspecified cardiac arrest (42% decrease) changes substantially because of querying. Other cause-of-death categories for which the impact of querying, as measured by the percent change in rates, is substantial include the following: falls on the same level from slipping, tripping, and stumbling (40% increase); alcoholic cirrhosis of liver (35% increase); Alzheimer's disease (18% increase); unspecified cancer of connective and soft tissue (92% decrease); and unspecified respiratory failure (60% decrease).
The differential impact of querying by cause reflects the fact that specific problem issues are targeted in queries. Those conditions that are not targeted in the queries are largely unaffected unless a question about another issue results in the specified condition being newly reported. In many cases, a query resulted in more detail that shifted a code from a generic cause-of-death subcategory to a more defined subcategory, but the broader category did not change. For example, asking about the type of vehicle involved in an accident resulted in changing the underlying cause of death for 86% of Washington State records queried areas, was able to disaggregate the effect of querying. We compared the number of deaths and age-adjusted death rates for selected causes, including the leading causes of death in Washington State in 2001, using data before and after querying was performed. 15, 16 For 
RESULTS

Cause-of-death querying on a registration area basis
Fifty-one of the 52 registration areas reported querying either demographic or cause-of-death items: 47 registration areas queried both demographic and cause-of-death items, three queried demographic items only, and one queried cause of death only. Thus, 50 queried demographic items and 48 queried cause of death.
Registration areas queried a median of 5% of records for demographic issues; areas in the lowest quartile queried 2% or fewer records, and those in the highest quartile queried 15% or more. The median number of records queried for cause-of-death issues by registration areas was also 5%, with areas in the the lowest quartile querying approximately 1% and areas in the highest quartile querying 10% or more.
The registration areas reported querying cause of death for many reasons. The five most common reasons for querying cause of death were (1) to request clarification of illdefined conditions reported as the underlying cause, (2) to inquire about primary site of cancer when not stated, (3) to request missing information concerning injuries, (4 ) to inquire about the reason for surgery when not stated, and (5) to clarify illegible or incomprehensible entries.
Most registration areas queried cause of death by mail. Of the 44 registration areas that responded about mode, 41 conducted queries by mail: 20 by mail only, 16 by mail and phone, two by mail combined with another mode or modes (i.e., personal visit, fax), and three by mail, phone, and another mode (i.e., e-mail, personal visit, fax). Typically, telephone calls, faxes, e-mails, and/or personal visits were used to follow-up after an initial letter. Three registration areas queried entirely by phone.
In most registration areas, nosologists contacted medical certifiers to resolve questions about the reported cause of death. Nosologists conducted queries in 32 of the 45 areas that responded about who conducted queries: nosologists alone in 23 areas; a combination of nosologists and statisticians in four areas; a combination of nosologists and others (i.e., registrars, clerks) in three areas; and a combination of nosologists, statisticians, and others (i.e., registrar, review team) in two areas. Statisticians solely conducted queries in three areas, and others (i.e., registrar, quality assurance staff members, academics, medical examiners) solely conducted queries in 10 areas.
Of the 48 registration areas that queried cause of death, 25 received additional information from sources other than medical certifiers. The most common of these alternative sources were traffic accident reports, used to fill in missing details. in this way. Similarly, asking for clarification of the primary site of malignancy when the term "metastatic" was ambiguously used resulted in changing the underlying cause of death for 91% of such Washington State records. However, the responses simply added detail; they did not shift the records from vehicle-related or neoplasm deaths. Questions such as asking about abbreviations or asking for the etiology of a reported condition could result in a few changes dispersed over a wide variety of cause-of-death categories. 
DISCUSSION
Cause-of-death querying programs in U.S. registration areas from 2000 through 2001 remained similar to those in the late 1980s, with some expansion in who conducted queries and the mode of querying, and some reduction in the median time between date of death and querying. 4 Variability between registration areas is a consequence of the decentralized nature of the national mortality statistics system. 14 longer (Unpublished data, Washington State, 1996-2001). 4 First, the percent of responses tend to decrease with time. For example, the number of query letters returned as undeliverable because the medical certifier has moved or retired increases with time. Even when letters are deliverable, fewer responses are returned when the delay is prolonged. Second, medical certifiers are less likely to remember details or have access to pertinent medical records as the time delay lengthens. Third, training or intervention opportunities are deferred. For example, in the case of new medical examiners or others in specialties or facilities that frequently complete death certificates, early intervention is important to ensure that future certificates will be properly completed.
A second strategy is to refine the wording of the query letter. For example, certifiers may be able to better respond to wording that is more specific. Since the certification statement on the death certificate indicates that the cause-ofdeath statement is a medical opinion and since responses to queries commonly use qualifiers such as "probable" and "most likely," inclusion of "in your opinion" or a similar phrase on the query letter would reinforce that the certifier's medical opinion is requested. Designing the query letter to facilitate responding (e.g., allowing the certifier to check or circle a response) also would affect responses.
A third strategy is to maintain tracking information on the query program. This will support evaluation of query efforts to determine where improvements can be made. Surveillance by certifier type and individual may help identify educational efforts that the Vital Statistics Office needs to promote, as well as identify approaches needed to correct any ongoing reporting problems.
Querying is a common method of addressing the problem of vague or incomplete information reported on death certificates despite disadvantages including time and expense. [4] [5] [6] [7] [8] [9] [10] [11] Although substantial changes occur for specific causes of death, querying for cause of death changes the underlying cause of death for fewer than 3% of death records nationally.
While areas strive toward standardization, factors including differential resources may foster disparities.
While half of the registration areas queried 15 to 60 days after the date of death, several areas that queried relatively large volumes of records fell into the upper quartile for time-to-query. Thus, the median time until a query was completed was longer on a record basis than on a registration area basis. Regardless, medical certifiers responded to 87% of queries. According to information from Washington State, the interaction with the medical certifier concerning the query was straightforward in most cases; it was the exception for medical certifiers to react in an unusually positive or negative fashion. Yet, reactions and responses vary by area. Oregon dropped queries for congestive heart failure because medical certifiers objected to being asked and responses did not affect underlying-cause-of-death information. 5 In contrast, the data reported here show that age-adjusted death rates for congestive heart failure decreased 44% in Washington State because of querying. These queries provided additional information about heart conditions or, less often, respiratory or endocrine conditions, and medical certifiers did not give any indication that they objected to being asked if they had additional information for these cases.
Overall, querying involved a limited number of records, approximately 6% for demographic issues and 4% for causeof-death issues. Cause-of-death queries frequently resulted in shifting the underlying cause from categories that failed to explain the reason for death (e.g., cardiac arrest or respiratory failure) to more informative categories. When asked for additional details, for example, on the circumstances of a fall or the etiology of cirrhosis, or when asked if more was known about the etiology of respiratory failure, medical certifiers often knew more than they reported on the death certificate and were able to provide information that may have changed the underlying cause. In many cases, the additional information permitted assignment of a more detailed cause within a group of causes (e.g., shifting from unspecified falls to falls on the same level from slipping, tripping, and stumbling). The statistical impact is most evident for cause-of-death categories comprised of a single or limited number of conditions. Since most leading causes of death (e.g., heart disease, cancer) have a large number of subcategories, queries tended to have minimal impact on leading causes of death.
The findings of this study are subject to several limitations. First, while there is a process for querying demographic items on the death certificate, the only aspects of demographic querying addressed in this analysis were the number of registration areas that queried demographic issues and the percent of records that were queried. Second, this analysis did not address querying practices in U.S. territories. Third, although all 52 registration areas participated in the study, 11 areas did not respond to every question. Finally, since supplemental data on the impact of querying on age-adjusted death rates was examined only for Washington State, the magnitude of the national impact of querying on selected causes is unknown.
The results have several possible implications for practice strategies. One strategy is to minimize the delay between death and when the query occurs. For a variety of reasons, queries may be less effective when the time until query is
